The presence of yeasts in periodontal pockets is well known and Candida albicans (C. albicans) is the species most commonly isolated from the oral cavity. The immune response and anti-candidal activity of oral epithelium cells play a key role in the host defense against C. albicans infection. Rat gingival tissue was infected with C. albicans ATCC90029. Total RNA was extracted from the epithelium and mRNA levels were monitored using DNA microarray. By ingenuity pathway analysis demonstrated that TNF and IL-1 stimulated gene expression of CC type chemokine CCL2, also known as monocyte chemoattractant protein-1 (MCP-1), through NF-κB pathway. Altered mRNA level of CCL2 by rat gingival tissue was infected with C. albicans was confirmed by reverse transcription polymerase chain reaction. The immunohistochemical examination for CCL2 production was carried out. As a result, stronger immunoreactivity against CCL2 was observed in the rat gingival epithelium infected with C. albicans.
Introduction
The presence of yeasts in periodontal pockets has been described and Candida albicans is the species most commonly isolated from the oral cavity (1) . Oral candidiasis is associated with significant morbidity(2) and may predispose severely immunocompromised patients to invasive disease (3) . The immune response and the anti-candidal activity of oral epithelium play a key role in the host defense against localized C. albicans infection (4) . Oral epithelial cells provide the first line of host defense against mucosal C. albicans infections. These cells actively respond to candidal invasion and cell injury by producing proinflammatory cytokines and chemokines (5) .
Recently, increased induction of IL-8(6) and IL-1α(7) in human oral epithelial cells by C. albicans infection has been investigated. Mostefaoui et al(8) also reported that C. In this study, C. albicans was infected into rat gingival tissues and monitored gene expression of chemokine using DNA microarray.
Materials and Methods

Animal experiment
C. albicans (ATCC90020) was grown and infected to the gingival tissue of Sprague-Dawley rats according to the previous study (9) . The same volume of saline was given to the control group. Rats were maintained and used in accordance with the guide the Care and Use of Laboratory Animals of Nihon University, School of Dentistry at Matsudo (#08-0004). Rats were injected with sodium pentobarbital and their gingival papilla were removed and used for DNA microarray analysis and immunohistochemistry.
DNA microarray analysis
Total cellular RNA was isolated from gingival tissues 
Results
In first, we analyzed IPA gene network search by the top functions of connective tissue disorders and genetic disorders, and found the network with up-regulation of CCL2 gene expression, shown in Fig. 1 .
Canonical pathway analysis was also carried out using IPA database and found that TNF and IL-1 signaling stimulated CCL2 gene expression through NF-κB pathway (Fig. 2) .
Then, we searched the raw intensity signals of mRNA levels of the CCL2 gene from DNA microarray analysis results withPresentandAbsentflags. Among the genes analyzed, CCL2 gene was presented with 1.7-fold higher level in C. albicans-infected gingival tissues shown in Table 1 . The scatter plot analysis result of DNA microarray analysis was shown in Fig. 3 . C. albicans infection altered many gene expressions in gingival tissues when compared with a control including CCL2 gene.
Next, RT-PCR experiments were carried out to confirm DNA microarray result of the increase of CCL2 mRNA level. Fig. 4 shows that higher level of CCL2 amplified DNA band was detected in gingival tissues infected by C. albicans compared to control. In contrast, the mRNA levels of protein, we performed the immunostaining in C. albicansinfected rat gingival tissue. As shown in Figure 5A , the invasion of C. albicans cells into the epithelium of rat gingival tissue. Furthermore, the C. albicans-infected area of epithelium in rat showed more CCL2 protein expressions in the region of C. albicans invasion (Fig. 5B) 
Discussion
In the present study, we demonstrated an induction of CCL2 gene expression and the elevated CCL2 protein production in the rat gingival tissues by C. albicans infection.
It is well known that oral epithelial cells can take part in inflammatory processes, both protective and destructive, through signals that are essential for initiating and amplifying inflammatory responses to the infection (12, 13) .
Epithelium is considered to play a role in host defense, including antigen presentation (14) (15) (16) , and the production of cytokines/chemokines in response (17, 18) .
Periodontitis is a disease resulting in the destruction of Gingival crevicular fluid CCL2 levels increased progressively with the progression of disease and decreased after treatment of periodontitis, thus CCL2 can be considered as an inflammatory biomarker in periodontal disease and also deserves further consideration as a therapeutic target(24).
More recently. Goto et al (reported that hyperocclusion induced CCL2 expression in periodontal ligament tissues and may promote chemotaxis and osteoclastogenesis (25) .
Taking together with our findings, the enhancement of CCL2 expression by C. albicans infection might involve in 
